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Chapter 1:
Introduction to Alcohol Oxidations
The oxidation of alcohols is an important reaction for the synthesis o f organic 
compounds. The oxidation of alcohols to aldehydes, ketones or carboxylic acids can be 
completed with reagents such as pyridinium chlorochromate1. Jones reagent (H jC rO ^ 
H2SO4I2. Sarrett reagent (OO vpyridinej3, and Collins reagent (CK)v2 pyridine-CH2C h)4. 
However, these reagents are difficult to use and require harsh conditions to complete the 
oxidation. Since the reactions are not catalytic, the reagents must be used in excess, which 
often leads to over oxidation and poor selectivity.
The catalytic oxidations of alcohols to carbonyls have been recently discovered. 
Griffith and co-workers have developed a series of transition metal complexes that are 
efficient catalysts for the selective oxidation of primary alcohols to aldehydes and secondary 
alcohols to ketones. Griffith’s oxo-ruthenium complexes. trans-|Ruf)2(py)4 |2* and |RuO~ 
2<OAc)Cl2| \  and oxo-osmium complex, trans-|0 s02<pyh(H20) |2+ (figure I.), function as 
alcohol oxidation catalysts in the presence of N-methylmorpholine N-oxide, a co~oxidant to 
regenerate the catalyst.5 6
O
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Alcohols can be selectively oxidized by molecular oxygen in catalytic procedures.
* Bressan and co-workers have developed a |Rh(Ph2PCH2€H  SR*)!* <R»Ph. Ht. Me) 
catalyst that, in the presence of dioxygen, oxidizes primary alcohols to aldehydes and 
secondary alcohols to ketones.7 Matsumoto and co-workers have used RhCb(PPhi)i and 
dioxygen in a catalyzed reaction of allylic alcohols to a.p-unsaturated carbonyls.8 Drago 
and associates have studied the catalytic oxidation of alcohols by Group 8 transition metals. 
Drago has developed a cobaJt(ll) complex with bis(salicylidene-Y-iminopr0pyl)methylamine. 
CoSMDPT (figure I). that oxidizes primary alcohols in the presence of dioxygen to 
aldehydes.9 Drago has also introduced RuiCXOjCRtoLy1 (R = CHv CH2CH1; l.«H20 ; 
n=0 . + 1) as a catalyst that utilizes dioxvgen as the primary oxidant.10
Procedures have been developed tor the oxidation of alcohols to aldehydes by metal- 
nitro complexes which use dioxygen as a secondary catalyst. Reduction of the nitro group to 
a nitrosyl group deactivates the metal complex for oxidations. However, in the presence of 
molecular oxygen, the nitrosyl group is oxidized back to the nitro group, which is 
catalytically active. The work of Mares et al. has provided a cobalt-nitro catalyst tor 
oxidations.1 M4 Mares has used Co(saloph)-py NOs (saloph =* N.N'-bissaliccyiidene-o- 
phenylenediamino) to oxidize many compounds, including phosphines to phosphine 
oxides11, terminal olefins to methyl ketones*2 and epoxides1 and primary alcohols to 
aldehydes14. All of the above oxidations can occur stoichiometrically in oxygen free 
environments, and catalytically with dioxygen present. The oxidation of olefins to methyl 
ketones requires the use of a palladium (IV) co-catalyst for the binding of the olefin. The Co- 
NOa complex oxidizes the olefin, after a [3-hydrogen transfer, to the methyl ketone.
Molecular oxygen is then used to oxidize the resulting nitrosyl complex tack to the nitro 
complex. (Scheme I.)12
Mares has also used this cobalt-nitto complex for the oxidation of alcohols. 14 No co­
catalyst is needed for the binding of the substrate, but lewis acid (BPvBt20 , LiPFa) 
activation of the alcohol is necessary for the reaction to proceed, The catalytic cycle for the 
oxidation of alc ohols is shown in Scheme 2. Again, molecular oxygen is used as the co­
catalyst for the regeneration of the nitro group.
More recently. Mares has developed a hisacetonitrile nitro rhodium complex, 
|(CH 3CNbRhN0 2 l24(BF4*)2, to replace his olefin oxidation catalyst.15 The rhodium 
catalyst allows for the displacement of acetonitrile by the olefin, so the palladium co-catalyst 
is not needed. Oxidation then occurs by attack of the nitro group on the olefin, followed by 
ft-hydride elimination and hydride addition to form the methyl ketone.15
k
o
Scheme I.
UoNOvlA
The use of dioxygen as a co-oxidant is also illustrated in the work of Shapley and 
associates.16 Shapley takes advantage of the oxidizing power of chromate salts (chromate is 
also used in the non-catalytic oxidants described earlier) to oxidize a variety of alcohols to 
a ld eh y d es . The h e te ro b im eta l lie d ia lky  I n itr id o o sm iu m  com plex . 
|Os(N)(CH2SiMex)2r r 0 4 | (Bun4N 4) (3). has shown to be a useful catalyst for the selective 
oxidation of primary alcohols. The mechanism tor this oxidation has been described by 
Zhangl7 which involves the binding of the alcohol to the Osmium center and subsequent 
oxidation by the Chromate. (Scheme 3.) Regeneration occurs by the addition of molecular 
oxygen to the reduced bimetallic species. (4), to form the peroxo complex. i$). Reaction of 
(5) with another molecule of (4) gives 2 molecules of the oxidation catalyst (3).
in the catalytic cycles presented by Mares and Shapley. there was an observed change 
in the reactrion rates when the concentration of oxygen was changed. No explanation tor 
these results was given, and further study of the dependence of dioxygen concentration on 
the rate of the reaction is needed. In the following chapters, a study of the reaction rate with
5changes in oxygen concentration is presented. Also, the dependance of the reaction rate with 
high pressures of oxygen is studied
Scheme 3.
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Chapter 2
Kinetic Study of Alcohol Oxidation by 
lOs(N)(CH2Si(CH3)3)2CK)4|-
Introduction
In the catalytic oxidations presented in Chapter I by Mares and Shapley. there was 
noted a reaction rate change when the concentration of dioxygen was changed.1 The work 
of Shapley and co-workers have demonstrated a dependance upon the oxygen concentration 
for the oxidation of ben/yl alcohol by their dialkyl nitridoosmium chromate catalyst1. This 
finding gave evidence for the involvement of dioxygen in the rate determining step (RDS) of 
the oxidation processes. In the following chapter, the dependance of the oxygen 
concentration on the rate of reaction will be studied to determine the concentration of oxygen 
for which the oxidation proceeds with the fastest rate.
Results
The determination for the optimum oxygen concentration for the oxidation of benzyl 
alcohol was followed using the procedures described by Zhang 1 The reaction was run 
under pseudo first order conditions by having an excess (20 equivalents) of benzyl alcohol 
compared to the catalyst (3). In a schlenk tlask. equipped with a stir bar. condenser, and a 
gas inlet, the mixture of benzyl alcohol, anisole. and (3) was reacted at a temperature of 
70°C. and under an atmosphere of mixed nitrogen and oxygen. The concentration of 
oxygen could be varied by making changes in the partial pressure of the gas on the gas 
mixing board. The reaction was run over a period of 24 hours with frequent sampling the 
first 5 hours.
8
Samples of the reaction mixture were analyzed by gas chromatography versus an internal 
standard (anisole). The natural log of the concentration of hen/aldehyde was plotted against 
time to determine the rate constant. (Figure 1.) The experiment was repeated for several 
concentrations of oxygen. Figure 2 gives a summary of the observed rate constants for 
varying oxygen concentrations.
figure 1.
Oxidation of Benzyl alcohol 
with 21 % Oxygen
0 In (PhCHOl
Discussion
The observed decrease in reaction rate with increases or decreases in oxygen 
concentration from 20 percent is consistant with the mechanism proposes by Shapley and co­
workers.3 At lower concentations of oxygen, the reduced bimetallic species (4) increases in 
concentration and reacts slowly with the small amount of oxygen present to form the peroxo 
complex (5). The reaction of (5) with (4) to form the osmium chromate species (3) then 
proceeds rapidly due to the excess of (4) in solution. At higher concentrations of oxygen,
10
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the reaction of (4) with increased concentrations of oxygen occurs rapidly n» the peroxo 
complex (5). Reaction of (5) with the small amount of (4) remaining in solution is slower 
resulting in a decrease in rate. (Scheme I.) These results suggest the involvement of either 
the reduced bimetallic species (4), the peroxo complex (5). or both in the rate determining 
step and subsequently in the rate law for the reaction.
The principle source of error would occur in the sampling procedure. Samples 
needed to be taken frequently, and being off by a minute could effect the plot of the natural 
log of the concetration versus time thereby affecting the rate constant (kobs)* Another source
of error is the gas mixing board, concentrations were determined by the How rate of the two 
gases, nitrogen and oxygen. Variations in the flow rate during the course of the reaction 
could affect the rate.
PtiCH OM
Scheme 1.
Conclusion
The rate of reaction of the oxidation of benzyl alcohol bv the dialkyl nitridoosmium» * *
chromate catalyst is dependant upon the concentration of oxygen. The reactions studied 
correlate with the results of Zhang3. The reaction proceeds with the greatest rate at a 
concentration of around 20 percent oxygen, which, interestingly enough, is the concentration 
of oxygen in the atmosphere. At concentrations lower and higher than 20 percent, the 
reaction rates decrease. This decrease in rate may be attributed to the buildup of 
intermediates, (4) and (5), which are unreactive toward the oxidation of benzyl alcohol.3
Experimental Section
General. The following compounds were all prepared according to literature methods: 
K2O sO:>{OH)4>  |N B u4 l|O s(N )C l4| . sh |N Bu4 | |O s ( N ) n 2( r H 2S i( r H i) 3)? |5c. and 
|N Bu4 ||O s(N )(R)2Cr0 4 l (R=CH2Si(C H j)V * All reactions were performed on the 
benchtop, unless otherwise stated.
Preparation oflN Bu4 lLQstNiG4l i  Chilled in a flask to 0°C was 0.5 g (1.97 
mmol) Os()4. Then. 50 ml. cold, concentrated KOH was added. Solution was stirred until 
all Os()4 dissolved, then the solution was added to a flask containing 250 mL ethanol. A 
pink precipitate (K20s(.)2(0H)4) was filtered and dried. Potassium osmate was then added 
to 25 mL of 8M HC1 and allowed to stir. 0.38 g (5.85 mmol) NaN3 was added and 
continued to stir. Nitrogen gas was bubbled through the solution to remove any excess 
chlorine gas. then 3 ml. (2.97 g 11.44 mmol) |NBu4 ||OH) was added. A pink precipitate 
(|NBu4 ||Os(N)( l4 |) was filtered, dried and recrystallized in CH3CN/ethyl ether.
Preparation of 1 NBuilLQsLNlLCH2SiM£312a2l> Work was done in the 
atmospheric dry box. To a flask was added 294 mg (0.5 mmol) 1 and ether. While the 
mixture stirred. 1.0 mmol ClMgCH2SiMe3 was diluted in ether and added dropwise to the 
osmium tetrachloride compound. The solution was allowed to stir, then a white solid 
(MgCl^) was filtered to leave an orange solution. The filtrate concentrated and twice the
amount of hexane added. The solution was put in the freezer and allowed to crystallize. 
Orange crystals (|NBu4 ||Os(N)(CH2SiMe3)2Cl2 l 1 were filtered and recrystallized in 
ether/hexane.
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Preparation of INBud UOs(N)(CH?SiMe W a ^ Q i;r rQ ? l .^  To a flask was added 
0.1 g (0.144 mmol) 2 in methylene chloride. 0.112 g (0.576 mmol 4 eq.) K2CYO4 was 
dissolved in 50 mL of water and was added to the solution. Solution was stirred vigorously 
under benchtop lighting overnight. The reaction was monitored by NMR unit! all of 2 
reacted. The solution was extracted with water until all K2O O 4 was gone. The organic 
layer was dried over MgS04, concentrated and 2 crystalized upon addition of hexane. 
Purple crystals were recrystalized 2-3 times until IH NMR showed no 2 present.
General. A solution of 0.10 g (0.136 mmol) 2. 0.294 g (0.28 mL. 2.72 mmol, 20 eq.) 
Benzyl Alcohol, 0.015 g (15 pL. 0.136 mmol, l eq.) Anisole (internal standard) in Toluene 
was prepared in a dry 25 mL volumetric flask. The solution was stored in the refrigerator of 
the Atmospheric Dry Box until used. The reactions wre run in a schlenk flask equipped with 
a stir bar, condenser, and a gas inlet. The reaction atmosphere was controlled using a gas 
mixing board attached to nitrogen and oxygen. Sampling was done every 20 min for the first 
2 hours then every 30 minutes for the next three. The reaction was monitored by Gas 
Chromatography using the following parameters:
Column: Carbowax (polarity) tempi = 6 0 °C  timel = 2 min
rate * 4 °C/min temp2 = 140 °C time2 « I min
injector temp * 250 °C FI Detector temp = 250 °C
Retention times: Benzyl Alcohol -  13.4 min Benzaldehyde = 10.6 rnin
Anisole = 9.2 min
1*♦
Oxidation of Benzyl Alcohol under Air. 5 ml. of the prepared solution, containing 
0.027 mmol 3.0.544 mmol Benzyl Alcohol, and 0.027 mmol Anisole. was measured into a 
dry 25 ml. Schlenk flask equipped with a stirbar, condenser and a gas inlet. The reaction 
was run at a constant temperature of' /(PC' under air. The reaction was monitored by Gas 
Chromatography.
Time (min) -In |PhCHO|
0 4.887
20 4.758
40 4.869
60 4.688
80 4.402
MX) 4.328
120 4.339
140 4.296
060 3.128
1540 2.891
kohs-- 4.849 x lO -'
15
Oxidation of Ben/yl Alcohol in the Presence of 4% ()\  5 ml. of the prepared
solution, containing 0.027 mmol 0.544 mmol Ben/yl Alcohol, and 0.027 mmol Anisoie. 
was measured into a dry 25 ml, Schlenk flask equipped with a stirbar, condenser and a gas 
inlet. The reaction was run at aconstant temperature ot'70°C under a gas mixture of 4 ^  02 
in N2. The reaction was monitored by (ias C hromatography.
l ime (min) In |Ph('HO|
0 5.095
20 5.666
40 5.616
frO 5.202
80 5.252
100 5.504
120 5.1 II
150 5.542
180 5.101
210 5.256
240 5.274
270 5.224
300 5.200
10 4
16
Oxida ion of Benrvl Alcohol in ..the Presence o)'.53. 02. 5 ml. of the prepared 
solution, containing 0.027 mmol 3. 0.544 mmol Bcn/yl Alcohol, and 0.027 mmol Anisole. 
was measured into a dry 25 ml. Schlenk flask equipped with a stirbar. condenser and a gas 
inlet. The reaction was run at a constant temperature of 70°C under a gas mixture of 5% O j 
inN j. The reaction was monitored by Gas Chromatography. .
i nit* I min) In |PhCHO|
0 5.045
20 5.039
40 5.113
60 5 .21')
SO 5.145
100 4.666
120 4.960
150 4.847
180 4.581
: io 4.292
240 4.699
270 4.686
300 4.530
kobs= 9.275 x HH
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OxidatiQfl-Qf-Bcnzyl Alcohol in the Presence of 8% 0%  5 ml, of the prepared 
solution, containing 0.027 mmol 3. 0.544 mmol Benzyl Alcohol, and 0.027 mmol Anisole. 
was measured into a dry 25 ml. Schlenk flask equipped with a stirbar. condenser and a gas 
inlet. The reaction was run at a constant temperature of 70°C under a gas mixture of 8% 02  
in N2- The reaction was monitored by Gas Chromatography.
Time (mini -In |PhCHO|
0 5.526
20 5.540
40 5.248
60 5.055
80 4.995
100 4.933
120 4.913
150 4.865
180 4.809
210 4.797
240 4.781
270 4.499
300 4.465
kobs= 1.418 x 10-3
18
€teudailoiL.ttf. Jtemgyl Alcote! inJhe Pres e n t  of \o% rv> 5 mL of the prepared 
solution, containing 0,027 mmol 3, 0.544 mmol Benzyl Alcohol, and 0.027 mmol Anisoie, 
was measured into a dry 25 mL Schlenk flask equipped with a stirbar. condenser and a gas 
inlet. The reaction was run at a constant temperature of 70°C under a gas mixture of 10% 
02  in Nj. The reaction was monitored by Cias Chromatography.
l ime (min) -In |PHCHO|
0 5.178
20 4.877
40 4.800
60 4.662
80 4.492
100 4.462
120 4.404
150 4.626
180 4.592
210 4.662
240 4.599
270 4.566
300 4.523
kobs= I 142 x 10 -3
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Oxidation of Benzyl Alcohol in the Presence of 12% 0 7 . 5 ml. of the prepared 
solution, containing 0.027 mmol 3.0.544 mmol Benzyl Alcohol, and 0.027 mmol Anisole. 
was measured into a dry 25 mL Schlenk flask equipped with a stirhar. condenser and a gas 
inlet. The reaction was run at a constant temperature of 70°C under a gas mixture of 12% 
02  in Nt. The reaction was monitored by Gas Chromatography.
Time (min) -In |PhCHO|
0
20
40
60
80
100
120
150
180
210
240
270
300
5.207 
5.306 
5.227 
5.030 
4.878 
4.908 
4.888 
4.621 
4.792 
4.742 
4.650 
4 .631 
4.605
kobs= 1.303 x I0-*
Oxidation of Benzvl Alcohol in the Presenceoi l j % Q l. 5 ml. of the prepared
solution, containing 0.027 mmol 2,0.544 mmol Benzyl Alcohol, and 0.027 mmol Anisole. 
was measured into a dry 25 mL Schlenk flask equipped with a stirbar. condenser and a gas 
inlet. The reaction was run at a constant temperature of 70°C under a gas mixture of 15% 
02  in N2. The reaction was monitored by Gas Chromatography.
20
Time (min) -In |PhCHO|
0 5.369
20 4.938
40 4.772
60 4.822
80 4.891
100 4.495
120 4.721
150 4.684
180 4.700
210 4.595
240 4.556
270 4.312
300 4.272
kobs= 1.859 x 10-*
21
Oxidation o f  Benzyl Alcohol in the Presence of 17% Q?. 5 mL of the prepared 
solution, containing 0.027 mmol 3. 0.544 mmol Benzyl Alcohol, and 0.027 mmol Anisole. 
was measured into a dry 25 mL Schlenk flask equipped with a stirbar. condenser and a gas 
inlet. The reaction was run at v. constant temperature of 70°C under a gas mixture of 17% 
02  in N2. The reaction was monitored by Gas Chromatography.
Time (min) -In |PhCHO|
0 5.728
20 5.288
40 5.109
60 5.005
80 4.870
100 4.810
120 4.763
150 4.759
180 4.646
210 4.651
240 4.589
270 4.609
300 4.530
kobs~ L402 x 10
-n
Oxidation oLBenzyl Alcohol in the Presence of 19% Ox  5 mL of the prepared 
solution, containing 0.027 mmol 3,0.544 mmol Benzyl Alcohol, and 0.027 mmol Anisole, 
was measured into a dry 25 mL Schlenk flask equipped with a stirbar. condenser and a gas 
inlet. The reaction was run at a constant temperature of 70°C under a gas mixture of 19.4% 
02  in N2. The reaction was monitored bv Gas C hromatography.
Time (min) -In |PhCHO|
0 8.240
20 8.325
40 7.933
60 7.672
80 7.508
100 7.370
120 7.265
150 7.249
180 7.240
210 7.185
240 7.152
270 7.347
300 7.036
kobs= 3.343 x 10-3
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Oxidation of Benr-I Alcohol in the Presence of 21 % 0 ?. 5 ml. of the prepared 
solution, containing 0.027 mmol 3.0.544 mmol Benzyl Alcohol, and 0.027 mmol Anisole. 
was measured into a dry 25 mL Schlenk flask equipped with a stirbar. condenser and a gas 
inlet. The reaction was run at a constant temperature of 70°C under a gas mixture of 21.49? 
0 2  in N2. The reaction was monitored by Gas Chromatography.
Time (mini -In |HhCHO|
0 5.407
20 5.365
40 5.273
60 5.370
80 5.142
100 5.039
120 4.924
150 4.829
180 4.716
210 4.670
240 4.369
270 4.553
300 4.510
kobs= 3.527 x 10-3
24
Oxidation of Benzyl Alcohol ill the Presence of 23% Q ?. 5 ml. o f the prepared 
solution, containing 0.027 mmol 0.544 mmol Benzyl Alcohol, and 0.027 mmol Anisole. 
was measured into a dry 25 ml Schlenk. flask equipped with a stirbar, condenser and a gas 
inlet. The reaction was run at a constant temperature of 70°C under a gas mixture of 23% 
0 2  in N2- The reaction was monitored by Gas Chromatography.
Hme (mini -In |PhCHO|
0
20
40
60
80
100
120
150
180
210
240
270
300
5.578 
5.508 
5.429 
5.354 
5.270 
5.138 
4 .951 
4.812 
4.675 
4.608 
4.558 
4.481 
4.447
kobs- 4.152 x 10
25
Oxidation of Ben/yl .Alcohol in the Presence of 25% Q?. 5 ml. of the prepared 
solution, containing 0.027 mmol 0.544 mmol Benzyl Alcohol, and 0.027 mmol Anisole, 
was measured into a dry 25 rnL Schlenk flask equipped with a stirbar. condenser and a gas 
inlet. The reaction was run at a constant temperature of 70°C under a gas mixture of 25 
02  in N2- The abaction was monitored by (ias C hromatography.
Time (min) In |I*h< HO|
0 5.368
20 4.766
40 4.827
60 4.725
80 4.565
100 4.445
120 4.299
150 4.299
180 3.385
210 4.428
240 4.169
270 4.355
300 4.056
k0hs= 3.31 I x 10-3
26
5 ml. of the prepared
solution, containing 0,027 mmol ,J, 0.544 mmol Ben/yl Alcohol, and 0.027 mmol Amsole, 
was measured into a dry 25 ml. Schlenk flask equipped with a stirbar. condenser and a gas 
inlet. The reaction was run at a constant temperature of 70°C under a gas mixture of 28.5^ 
02 in N2- The reaction was monitored by Cias Chromatography.
lime (min) -In |Ph('HO|
0 5.529
20 5.241
40 5.299
60 5.298
80 5.189
100 5.156
120 4.714
150 4.784
180 4.681
210 4.354
240 4.521
270 4.463
300 4.427
kobs- 1654 x I () '
27
Oxidation of Benzyl Alcohol in the Presence of 30% O r  5 ml. of the prepared 
solution, containing 0.027 mmol 3. 0.544 mmol Benzyl Alcohol, and 0.027 mmol Anisole. 
Wm measured into a dry 25 ml ScMenk Bask equipped with a stirbar. condenser and a gas 
inlet. Hie reaction was run at a constant temperature of 70°C under a gas mixture of 30% 
(1J in N2- The reaction was monitored by Cias C hromatography.
Time (min) -In |PhCHO|
0 5.902
20 5.888
40 5.857
W) 5.711
80 5.549
100 5.384
120 5.435
150 5.310
180 5.431
210 5.532
240 5.233
270 5.141
300 5.465
k o b s ^ ^ l^ x  I0“4
n28
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Chapter 3
High Pressure Studies of 
Oxidations
‘ Introduction
Reactions run under high pressures have been known to cause an increase in the 
reaction rates1. In his study of high pressure reactions. Jenner has attributed the reaction rate 
increase to several things: I ) Compression of the reaction medium increases concentration of 
reacting molecules. 2) Pressure changes the rate of intermolecular diffusion. 3) Pressure 
compresses molecules, deforming the electron clouds and effecting collision rates*c. In the 
study of the oxidation of benzyl alcohol by the dialkyl nitrdioosmium chromate complex, the 
effect of pressure on the rate of reaction has been undetermined2. In the follow ing chapter, 
the effects of a variety of pressures of dioxygen on the rate of reaction over a period of time 
will be investigated.
Results
High pressure studies were carried out to determine the effect of pressure on the 
oxidation of benzyl alcohol by the dialkyl nitridoosmium chromate catalyst. (3), The 
reactions were carried out in a Parr high pressure bomb at a variety of pressures. Reactions 
were run for a fixed period of time, then the reaction was stopped and the reaction mixture 
was analyzed by gas chromatography for benzaldehyde and any remaining benzyl alcohol.
At first, the reactions were run for four hours under pressures ranging from 200 to 
1000 psi. After the four hours the reaction mixture was analyzed by gas chromatography.
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The analysis of the initial and final reaction mixtures are given in Table 1. The gas
chromatography analysis showed the final reaction mixture to contain no benzyl alcohol after 
the four hour period for pressures above 200 psi. At 200 psi, the reaction mixture contained 
about 3 percent of the initial concentration of alcohol.
pressure (psi) |PhCH20H|jnit |PhCH20H|final IPhCHOhnit IFhCHOIfinal
1000 0.1128 M 0M O.OOS62 M 0.1086 M
800 0.1037 M 0M 0.00262 M 0.0962 M
400 0.1040 M 0M 0.00244 M 0.0875 M
200 0.1064 M___ ___ 0.00399 M 0.00312 M 0.0912 M
Table I.
In an effort to have some of the benzyl alcohol remaining after the reaction, the 
reaction time was lowered to 2 hours. Again, the reactions were run under several pressures 
and the final reaction mixtures were analyzed by gas chromatography for benzyl alcohol and 
banzaldehyde. Results of the analyses are given in Table 2. At the higher pressures, the 
final reaction mixtures showed little or no benzyl alcohol remaining, and at the lower 
pressures, a small concentration of benzyl alcohol remained. The oxidation of benzyl alcohol 
under high pressures of oxygen has shown to have a substantial rate increase compared to 
the reactions run at atmospheric pressure. At atmospheric pressures, reaction were run for 
24 hours and only showed a SO percent conversion of the benzyl alcohol. However, at 
higher pressures, the reaction proceeds at high rates.
pressure (psu |Ph('H20H|inii | PhCH^OH (final (PhCHOlinit IPM'HOIfjnal
1000 0.1131 M 0.00402 M 0.00318 M 0.08641 M
800 0.1128 M 0M 0.00375 M 0.08704 M
600 0.1119 M 0M 0.00352 M 0.08808 M
400 0.1125 M 0.00424 M 0.00373 M 0.08482 M
200 0.1115 M 0.006011*1------ 0,00390. M 0,08369 M
Table 2.
The results of the nigh pressure studies are interesting when comparing the studies to 
the reactions done at atmospheric pressure. At atmospheric pressure, reactions run under 
high concentrations of oxygen caused a decrease in the reaction rate. This was proposed to 
be an increase in the concentration of the petoxo species (5). However, under high 
pressures of oxygen, a substantial increase in the reaction rate is observed. A possible 
hange in vhe mechanism may be occuring under the high pressure conditions. It is evident 
that more work needs to be done in this area.
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Conclusions
further study of the reaction rates at high pressures is needed to calculate rate 
constants, further experimentation at pressures less than 200 psi and at shorter reaction 
times is also needed. The experimentation completed has shown the reaction to proceed very 
rapidly at relatively moderate pressures (200 psi) and at high pressures (1000 psi). No 
explanation for the observed rate increase can proposed which follows the proposed 
mechanism of Shapley, et al.
E xperim ental Sec tion
Cfcn&raI;
A solution of 0.10 g (0.136 mmol) }. 0.204 g (0.28 ml... 2.72 mmol 20 eq.) Ben/yl 
Alcohol, and 0 .015 g ( 15 p L  0 J 36 mmol. I eq.) in 25 ml. Toluene was prepared and 
stored in the Atmospheric I>ry Box. A sample of the initial reaction solution was taken for 
GC analysis. 5 m Lof the solution was placed in the Parr High Pressure Mini Reactor 
(bomb). The bomb was then sealed, pressurised with dioxvgen. heated to 70°C and stirred 
for 4 hours. After 4 hours, the bomb was placed in a dry ice/isopropanol bath to cool and 
slow reaction. A sample of the reaction solution was then taken for GC’ analysis. <( 1C 
parameters for high pressure reactions are the same as those used for the Kinetic Study.>
C atalytic oxidation reaction of Ben/yl Alcohol at 1000 psi The bomb containing the 
reaction mixture w as pressurized to 1000 psi. stirred and heated to 70°C (at w hich time the 
pressure rose to 1140 psi). GC analyses of reaction mixture are as follows:
time (hrs) Area
Alcohol
(Alcohol)
(M)
mmols
Alcohol
Area
Aldehyde
| Aldehyde|
(Ml
mmols
Aldehyde
0
4
32363000
0
0.1128
0
0.5638
0
1925100
39660000
0.005619
0.1086
0.02810
0.5430
Catalytic oxidation reaction of Ben/yl Alcohol a lS U p si The bomb containing the 
reaction mixture was pressurized to 800 psi. stirred and heated to 70°C tat which time the 
pressure rose to 920 psi). GC analyses of reaction mixture are as follow s:
time (hrs) Area | Alcohol | mmols Area |Aldehyde| mmols
Alcohol (Ml Alcohol Aldehyde (Ml Aldehvd
0 25518000 0.1037 0,5185 769290 0.002620 0.0131
4 0 0 0 30990000 0.09622 0.4811
.U
C atalytic o x j M m t c a ^ ^  Benzyl A h^io la t 400psi The bomb containing the 
reaction mixture was pressurized to 400 psi. stirred and heated to 7(JPT <at which time the 
pressure rose to 460 psi). ( i( analyses ot reaction mixture are as follow s:
lime (hrsi Area | Alcohol) mmols Area | Aldehyde) mmols
Alcohol (M) Alcohol Aldehyde fM» Aldehyde
0 27082000 0.1040 o.s |0M 757440 0.002436 0.01218
4 0 0 0 272IIOOO 0.08754 0.4377
( alalyiic oxidation M $  M* mi *‘he bomb containing the
reaction mixture was pressun/ed to 200 psi. stirred and heated to 70°C (af which time the 
pressure rose » 230 psi). <*T analyses ot reaction mixture are as follows:
time thrsi Area |Aleohoff mmols Area |Aldehyde| mmols
Alcohol Alcohol Aldehyde iM i Aldehyde
0 26508000 0.1064 0.5.120 921110 0.005120 0.01 SfiO
4 1096000 0.003988 0.0190 299)4<J<X) 0.09118 0.4559
C^ieral:
A solution of 0.10 g i0.1M mmol) 3. 0.294 g (0.28 ml , 2.72 mmol. 2</etf i Benzyl 
Alcohol, and 0.015 g 115 p f mmol. I eq i m 25 ml Toluene was prepared and 
stored in the Atmospheric fjry Box. A sample of the initial reaction solution was taken for 
GO analysis. 5 ml. of the solution was placed in the Farr High Pressure Mini Reactor 
(bomb). The bomb was then sealed, pressurized with oxygen, heated to 7 ( R ' and stirred 
for 2 hours. After 2 hours, the bomb was placed m a dry ice/isopropanol bath to cord ami 
slow reaction. A sample of the reaction solution was then taken for GO analysis. (GO 
parameters for high pressure reactions are the same m thtm  used for the Kinetic Study.)
Catalytic oxidation reacton ofBmzyi Alcohol at lQQQpsi The bomb containing the 
reaction mixture was pressurized to 1000 psi. stirred and heated to 70°O (at which time the 
pressure rose to 1140 psi). GO analyses of reaction mixture are as follows:
time (hrs) Area |Alcohol| mmols Area (Aldehydel mmols
Alcohol (M) Alcohol Aldehyde (M) Aldehyde
0 261 lOOtK) 0.1131 0.5655 930510 0.003175 0.01588
s 1003900 0.004023 0.02012 27378000 0.08641 0.4321
Catalytic oxidation reaction of Benzyl Alcohol at 800 psi The bomb containing the
reaction mixture was pressurized to 800 psi. stirred and heated to 7U°C (at which time the
pressure re *i* to 960 psi). GC analyses of reaction mixture are as follows:
time (hrs) Area | Alcohol) mmols Area (Aldehydel mmols
Alcohol (Ml Alcohol Aldehyde (M) Aldehyde
0 26675000 0.1128 0.5641 1125300 0.003749 0.01875
s No Pea k 0 0 28574000 0.08704 0.4352
joanon reaction of Benzyl Aicofioi at 600 psi The bomb containing the 
reaction mixture was pressurized to 600 psi, stirred and heated to 70°C (at which time the 
pressure rose to 0 psi). UC analyses of reaction mixture are as follows:
time (hrs) Area (Alcohol) mmols Area | Aldehydel mmols
Alcohol (Mi Alcohol Aldehyde (M) Aldehyde
0 26846000 0.1119 0.5595 1072900 0.003523 0.01761
s*» No peak 0 0 29353000 0.08808 0.4404
Catalytic oxidationm m km  of Beniyi Alcohol at 4QQ psi The bomb containing the
reaction mixture was pressurized to 400 psi, stirred and heated to 70°C (at which time the 
pressure rose to 460 psi). GC analyses of reaction mixture are as follows:
36
time(hrs) Area |A lcohd| mmols Area [Aldehyde! mmols
Alcohol (M) Alcohol Aldehyde <M) Aldehyde
0 27002000 0.1125 0.5626 1134800 0.003725 0.01863
4m 1057300 0.004243 0.02122 26829000 0.08482 0.4241
Catalytic oxidation reaction of fitauyl Alcohol at 200 psi The bomb containing the 
reaction mixture was pressurized to 200 psi. stirred and heated to 70°C (at which time the 
pressure rose to 220 psi). GC analyses of reaction mixture are as follows:
time (hrs) Area | Alcohol) mmols Area |Aldehyde| mmols
Alcohol (M) Alcohol Aldehyde (M) Aldehyde
0 26950000 0.1115 0.5574 1198000 0.003903 0.01952
2 1516000 0.006030 0.03015 26713000 0.08369 0.4185
» s’"  '  L r> \ z ~ v  - \  ~ "j_, 'v  - ~
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